Introduction
Medication errors are a leading cause of morbidity and mortality in the United States (US), with non-health care facility (HCF) medication errors increasing in recent years [1] [2] [3] [4] [5] . Prior research using US poison control center (PCC) data found that compared with other drug categories, hormones and hormone antagonists are ranked third, behind cardiovascular drugs and analgesics, for the annual number of reported medication errors resulting in moderate to severe medical outcomes [2] .
The drug category of hormones and hormone antagonists includes several medications previously identified as being associated with a substantial number of adverse drug events, including hypoglycemics and corticosteroids [6] [7] [8] [9] [10] [11] . In addition, medication errors associated with many of these drugs are increasing. For example, a study utilizing data from nine regional PCCs in the US found a 495% increase in unintentional therapeutic errors involving insulin from 2000 to 2009 [6] .
The continuing increase in hormone and hormone antagonist use and associated medication errors supports the need for further research to identify the characteristics and trends associated with these errors. Prior studies of hormone and hormone antagonist medication errors have either briefly discussed these medications as part of a broader study including a variety of drug categories, or described errors associated with a specific hormone or hormone antagonist [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . This is the first comprehensive study describing the epidemiology of hormone-and hormone antagonist-related unintentional therapeutic errors reported to PCCs in the US.
Methods

Data Source
This study retrospectively analyzed 2000-2012 data from the National Poison Data System (NPDS) to characterize non-HCF unintentional therapeutic errors involving hormones and hormone antagonists among individuals of all ages. The NPDS is maintained by the American Association of Poison Control Centers (AAPCC) and receives near real-time data collected from calls to regional PCCs in the US and its territories [15] .
Case Selection Criteria
The AAPCC Micromedex Joint Coding Group's generic substance coding system was used to identify exposures to hormones, hormone antagonists, and oral hypoglycemics (Appendix Table 4 ) [15] . In the event of a multiplesubstance exposure, PCC specialists rank substances based on their likely contribution to the reported clinical effects. This study includes only cases for which a hormone, hormone antagonist, or oral hypoglycemic was ranked first.
Exposures in this study were limited to those that were classified by PCC specialists as Bunintentional therapeutic errors,d
efined by the AAPCC as Ban unintentional deviation from a proper therapeutic regimen that results in the wrong dose, incorrect route of administration, administration to the wrong person, or administration of the wrong substance^ [15] . The terms BUnintentional therapeutic error^and Bmedication errorâ re used interchangeably in this article. Unless otherwise specified, insulin is included in all calculations involving Bhypoglycemics^or Bhypoglycemic agents^and is not included in calculations regarding Boral hypoglycemics^or Boral hypoglycemic agents.^Exposures were excluded from this study if they occurred outside the 50 US states or the District of Columbia, or if they involved confirmed non-exposures, intentional abuse or malicious intent, or occurred in a HCF, nursing home, or prison.
Study Variables
Data were analyzed by hormone medication category (Appendix), type of therapeutic error, level of health care received, and medical outcome. Level of health care received was categorized as treated/evaluated and released, admitted (to a critical care unit [CCU] or non-critical care unit [non-CCU]), patient refused referral/did not arrive at HCF, patient lost to follow-up/left against medical advice, or no HCF treatment received (including those who were managed at the site of exposure). Medical outcomes included serious medical outcomes (death, major effect, or moderate effect), minor effect, no effect, and not followed/unable to follow. The AAPCC defines medical outcomes as follows: major effect (symptoms are lifethreatening or result in significant residual disability or disfigurement), moderate effect (symptoms are more pronounced, prolonged, or systemic than minor symptoms and usually require treatment), and minor effect (symptoms are minimally bothersome and usually resolve rapidly) [16] .
For some analyses, age was grouped into three subsets: younger children (0-5 years), older children (6-19 years), and adults (≥ 20 years). Other variables analyzed included gender, exposure site (own residence, other residence, public area, restaurant/food service, school, workplace, other, or unknown), management site (on site at a non-HCF location, patient already in or en route to a HCF when PCC called, patient referred by PCC to a HCF, other, or unknown), clinical effects, therapies performed, and exposure chronicity (acute, acute-on-chronic, or chronic). Acute exposures consist of Ba single, repeated, or continuous exposure occurring over a period of 8 h or less^ [16] . Acute-on-chronic exposures are defined as Ba single exposure that was preceded by continuous, repeated, or intermittent exposure^over a period of > 8 h [16] . Chronic exposures are a Bcontinuous, repeated or intermittent exposure of the same substance lasting longer than 8 h^ [16] .
Statistical Analysis and Ethical Statement
Data were analyzed using SPSS 21.0 (IBM Corp., Armonk, NY) software. US Census Bureau July 1 intercensal and postcensal population estimates for 2000-2012 were used to calculate exposure rates [17, 18] . Simple linear regression was used to determine the statistical significance of exposure trends over the study period. Statistical significance was determined at α = 0.05. Odds ratios (ORs) with 95% confidence intervals (CIs) were calculated to compare different types of hormones and hormone antagonists with respect to hospital admission (admitted to a CCU or non-CCU) or major effects. This study was deemed exempt by the Institutional Review Board of the authors' institution.
Results
General Characteristics and Trends
From 2000 to 2012, there were 169,695 non-HCF unintentional therapeutic errors attributable to hormones and hormone antagonists reported to US PCCs, averaging 13,053 exposures annually. The rate of reported medication errors increased by 162.6% (p < 0.001) from 2.24 per 100,000 US residents in 2000 to 5.89 in 2012. Most exposures (65.3%, n = 110,866) occurred among females (Table 1 ) and the rate of medication errors increased significantly (p < 0.001) for both males and females during the study period (Fig. 1) . Within the age groups of 0-5 years and 6-19 years, 58.5 and 55.4% of reported errors were among males, respectively. However, males accounted for only 29.1% of errors among individuals 20 years of age and older.
The frequency of reported therapeutic errors peaked at ages 0-1 years and again between ages 50-65 years (Fig. 2) . Hormone and hormone antagonist-related error rates were highest among older individuals, peaking at 10.42 per 100,000 US residents among 80-year-olds. The lowest rates were among individuals 18-29 years old (Fig. 2) . In this study, 11.6% of reported exposures involved more than one substance.
Types of Therapeutic Error
The most common types of therapeutic errors reported to poison control centers were Binadvertently took/given medication twice^(32.9%) and Bwrong medication taken/given^(20.2%) ( Table 1) . BInadvertently taking/giving the medication twiceŵ as the most common error type for all hypoglycemic agents except insulin. Medication errors involving insulin were most frequently attributed to Bwrong medication taken/given( 45.7%). The most common types of therapeutic error varied among age groups. BInadvertently took/given medication twice^was the most common error among children 0-5 years old and adults ≥20 years old, representing 29.7% and 35.2% of errors, respectively. Among older children 6-19 years old, 27.9% of errors were attributable to Binadvertently took/given someone else's medication.Ê xposure Chronicity, Exposure Site, and Management Site A majority (62.8%, n = 106,607) of reported exposures were attributable to an acute administration of the medication, 34.2% (n = 58,012) were acute-on chronic, and 2.9% (n = 4838) were chronic. Most exposures occurred at the individual's own residence and were managed on site without HCF involvement (96.6%, n = 163,902 and 82.9%, n = 140,635, respectively). A small percentage of reported medication errors (8.6%, n = 14,610) were referred to a HCF by the PCC, and 6.4% were already in or en route to a HCF when the PCC was called.
Clinical Effects, Therapies, and Level of Health Care Received
Ninety percent (90.1%, n = 152,839) of reported medication errors resulted in no observable clinical effects, and for 59.9% (n = 101,589) of cases, no therapies were performed. Overall, 7.8% of medication errors were treated/evaluated and released at a HCF, 1.4% were admitted to a non-critical care unit, and 0.7% were admitted to a critical care unit ( Table 1 ). The percentage of exposures that were treated at a HCF (treated/evaluated and released, or admitted to a CCU or non-CCU) was highest among adults (10.9%) and lowest among children ≤5 years (4.3%).
Medical Outcomes
More than two thirds (67.5%) of reported exposures were not followed up after initial contact with the PCC, primarily because the PCC specialist determined that the exposure was likely to result in only minimal clinical effects (42.5%) or was nontoxic (20.8%) ( Table 1 ). In nearly one fourth (24.2%) of cases, the medical outcome was Bno effect,^while 3.9% had minor effects, 4.2% had moderate effects, and 0.1% resulted in major effects. All of the nine fatalities occurred among adults, and all were admitted to a CCU (n = 8) or non-CCU (n = 1) prior to death.
Medication Characteristics and Trends
Hypoglycemic agents (insulin and all oral hypoglycemics) were associated with 92.1% (n = 3306) of reported hospital admissions (Table 2 ) and individuals exposed to hypoglycemic agents had higher odds (OR 15.95, 95% CI 14.12-18.01) of hospital admission than those exposed to other medication categories. Combined, insulin and sulfonylureas accounted for 77.0% of CCU admissions and 78.8% of non-CCU admissions. Although thyroid preparations and corticosteroids were associated with 23.2% and 21.9% of reported medication errors, they comprised only 3.1% and 2.8% of hospital admissions, respectively. Sulfonylureas accounted for 6.9% of reported exposures, but they represented 42.6% of hospital admissions; sulfonylurea exposures had 11.40 times (95% CI 10.64-12.22) greater odds of hospital admission than exposures to other medications. The medications associated with errors varied by age group. Eighty percent (80.1%) of reported exposures among children 0-5 years old were related to corticosteroids. Corticosteroids (34.4%) were also most frequently associated with medication errors among children 6-19 years old, followed by thyroid preparations (24.5%). Among adults, thyroid preparations (24.4%) and biguanides (14.4%) were linked to the most cases. Serious medical outcomes related to insulin and oral hypoglycemic medications were more frequent among adults ( Table 3) .
The number and rate of reported therapeutic errors increased significantly (p = 0.011) during the study period for all hormones except estrogen, unknown hormones or hormone antagonists, and thiazolidinediones. From 2000 to 2012, insulin-related medication errors increased in frequency (675.2%) and rate (596.9%) (p < 0.001) (Fig. 3) . Similar increases were seen for thyroid preparations and corticosteroids (Fig. 3) . The rate of reported medication errors associated with estrogen displayed a significant decrease over the study period (p = 0.002), while medication errors associated with thiazolidinediones increased early in the study period (p = 0.001) and then decreased beginning in 2005 (p < 0.001).
Among the nine fatal exposures, five were attributed to biguanides, three to sulfonylureas, and one to insulin (Tables 2 and 3 ). Hypoglycemics (insulin and all oral hypoglycemics) were associated with 93.2% of all major effects, with sulfonylureas alone accounting for 43.9% of these exposures. In contrast, the more frequently reported exposures to thyroid preparations and corticosteroids accounted for 2.5 and 1.7% of major effects, respectively. Individuals who were exposed to hypoglycemics had greater odds (OR 18.17, 95% CI 10.94-30.19) of experiencing major effects than individuals exposed to other medication categories.
Discussion
An average of approximately 13,000 hormone-related medication errors were reported annually to US PCCs during the 13-year study period. Calls to PCCs regarding hormonerelated medication errors increased steadily over this period; in the final year of the study, PCCs received 18,491 calls for an average of one call every 28 min. Meanwhile, all human exposure calls to PCCs increased from 2000 to 2007 before declining from 2007 to 2012 [15] . The increase in hormonerelated calls may be attributed to the frequent and increasing prescribing of multiple categories of hormones and hormone antagonists in the US, such as hypoglycemics, corticosteroids, and androgen medications [19] [20] [21] [22] [23] [24] [25] . The decrease in medication errors associated with estrogen and thiazolidinediones is likely due to a decline in prescribing for both of these medication categories [12, 19, 24, 26, 27] . Estrogen prescriptions decreased significantly after the hormone was linked to increased risk of stroke during menopausal hormone therapy trials [28, 29] . Thiazolidinedione prescriptions likely declined due to concerns about cardiovascular events related to the use of rosiglitazone, a drug in the thiazolidinedione class [19, 24, 30, 31] .
Overall, approximately two thirds of reported medication errors were among females. However, among individuals < 20 years old, a greater proportion of reported errors were among males. For each drug category included in this study except androgens, a greater proportion of medication errors were among females. This includes hypoglycemic agents, despite the fact that there are more males diagnosed with diabetes in the US than females [32] . The reason for this discrepancy could not be determined using the NPDS data, but it is consistent with prior research demonstrating a greater proportion of reported medication errors among adult females than males [2] . The higher error frequency among adult females may be because they are more likely to make these errors, or Percentages may not sum to 100.0% due to rounding error a Therapeutic error percentages may sum to > 100.0% due to some cases involving multiple types of error because, once an error has occurred, they are more likely to call a PCC. Insulin had the largest increase in medication error frequency, increasing nearly eightfold over 13 years. This finding is consistent with prior research and is at least partially explained by the fact that the number of individuals diagnosed with diabetes in the US increased 77.7% from 2000 to 2012 [6, 33] . Insulin use has likewise increased in recent years, with greater numbers of individuals being prescribed insulin for the treatment of type 2 diabetes, particularly in newer formulations and as part of combination therapies [34] . Although the frequency of medication error calls to PCCs for insulin, corticosteroids, and thyroid preparations was similar in 2012, insulin's narrower therapeutic window and more severe toxicity likely explain its much higher proportion of serious medical outcomes. Insulin overdoses can result in severe hypoglycemia, seizures, coma, or death. Insulin underdoses may cause hyperglycemia or ketoacidosis [35] ; however, PCCs are less likely to be called for medication underdosing than overdosing.
Collectively, hypoglycemic agents (including insulin) were associated with 43.3% of reported medication errors, but constituted 92.1% of hospital admissions and 93.8% of serious medical outcomes, including all nine fatalities in this study. Sulfonylureas alone accounted for 42.4% of hospital admissions and 23.3% of serious medical outcomes despite comprising only 6.9% of reported errors. Medication errors related to sulfonylureas increased significantly over the study period, despite the fact that the number of prescriptions for these drugs remained constant from 2003 to 2012 [19] . Biguanides accounted for the largest proportion of calls attributed to oral hypoglycemics and also increased significantly over the study period, a finding that is consistent with the 97% increase in biguanide prescriptions from 2003 to 2012 [19] .
A greater proportion of adults than children were treated at HCFs for medication errors related to hormone and hormone antagonists. This is likely due to differences in hormone use by age group. For example, 80.1% of medication errors among children 0-5 years old were related to corticosteroids and 2.6% to hypoglycemic agents, while 50.9% of reported errors among adults involved hypoglycemics.
The most common type of therapeutic error associated with hormones and hormone antagonists was inadvertently taking/ giving the medicine twice, accounting for one third of all calls. The prevention of this type of error may be helped by the use of a child-resistant scheduling medication box for non-liquid medications or a medication container with technology that signals when a dose is due. Among older children, the most frequent scenario was inadvertently taking/giving someone else's medication. Adult supervision during medication administration, even among older children, and efforts by manufacturers to ensure that medications have different appearances and names may help prevent this confusion. Medication labeling that follows recommendations for health literacy and numeracy is also recommended. The use of food, oral or intravenous glucose, glucagon, and octreotide are available secondary prevention measures to combat the development of hypoglycemia in the event of a hypoglycemic medication error leading to overdose.
Unlike other hypoglycemic agents, most insulin-related medication errors were attributed to Bwrong medication taken/ given.^This may be associated with confusion between rapidand long-acting formulations of insulin. While our data could not be used to confirm this reason for the insulin-related errors in this study, prior studies have identified this as a topic of concern [36] . Prevention strategies to reduce the risk of this type of error include greater differentiation of insulin packaging and storing rapid-and long-acting insulins in separate locations [36] .
Study Limitations
This study has several limitations. We could not determine if hospitalizations were a result of the medication error or an underlying health condition. In addition, the proportion of cases that were admitted to a HCF for monitoring of potential late medication effects that did not manifest is unknown. The NPDS underestimates the true number of hormone and hormone antagonist-related medication errors because it only includes errors voluntarily reported to a PCC. Some cases may be treated in a HCF without a report being filed with a PCC. Although PCC specialists follow up with cases to resolution whenever feasible based on follow-up protocols, it is possible that a patient could exhibit clinical effects or seek medical care after completing contact with the PCC, resulting in an underestimate of the severity of the exposure. In addition, PCCs rely on self-reported information and cannot completely verify information for reported exposures, including the substance, medication error, and medical outcome. Reported medication error exposures do not necessarily indicate a poisoning or overdose. In the event of exposures involving multiple substances, we only examined cases based on the highest ranked substance. Other medications may have influenced medical outcomes; however, only 11.6% of reported exposures involved more than one substance; therefore, the effect of multiple substances was likely small. Despite these limitations, the NPDS is a national database containing extensive information about reported medication errors in the US and is a valuable tool for investigating non-HCF medication errors related to hormones and hormone antagonists.
Conclusions
This is the first comprehensive study done at the national level to investigate non-HCF medication errors reported to poison control centers involving all types of hormones and hormone antagonists. The annual number of these reported errors increased throughout the study period to more than 18,000 in 2012. While most of these errors did not lead to a clinically significant outcome, some exposures, especially those associated with hypoglycemic agents, have the potential to result in serious medical outcomes for the individual and burden the health care system. 
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